The purpose of this study was to examine regulation of collagen synthesis in human colon fibroblasts and compare the results from colon fibroblasts with those obtained in fibroblasts from human skin. The effects of interleukin-11, tumour necrosis factor a, interferon gamma, transforming growth factor-n, dexamethasone, and the calcium ionophore A23187 were investigated. All compounds were tested both in the absence and in the presence of fetal calf serum in the culture medium. The process of collagen synthesis in fibroblasts from colon and skin appears to be affected differently by these regulatory compounds. The most pronounced differences were that the relative collagen synthesis increased in dermal fibroblasts and decreased in colon fibroblasts upon addition of serum. In the presence ofserum, interleukin-1lP inhibited collagen synthesis in skin fibroblasts but not in colon fibroblasts. Dexamethasone suppressed the relative collagen synthesis in skin fibroblasts but not in colon fibroblasts. Trans-forming growthfactor-P stimulated the collagen synthesis in dermal fibroblasts in the presence of serum, but inhibited the process in colon fibroblasts. Because fibroblasts are the primary sources of collagen needed during wound repair, these results may offer (part of) the explanation why wounds in skin and intestine appear to behave differently under certain
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Wound healing is defined as a highly regulated Freshly trypsinised fibroblasts were plated in six well plates at a density of approximately 1 5 x 1O' cells/well in 2 ml Dulbecco's Modified Eagles Medium plus 10% fetal calf serum. Three days after plating the medium was removed and replaced by the same medium or with Dulbecco's Modified Eagles Medium without serum. In the latter case the wells were first washed twice with phosphate buffered saline. Twenty four hours later the medium was replaced by the same medium plus ascorbic acid (50 ug/ml), ,-aminopropionitrile (50 ug/ml) and 2 ,uCi/ml [2,3-3H]proline for the final 24 hours of culture. Interleukin-1,, tumour necrosis factor a, interferon gamma, transforming growth factor-n, dexamethasone or calcium-ionophore A23187 were added during the labelling period. and tumour necrosis factor a were also added during the 24 hour culture period before the labelling period. If the calcium ionophore was given, 1 5 mM CaCI2 was simultaneously added to the culture medium.
After the labelling period the cells and medium were scraped from the wells and the wells were washed twice with 1 ml 50 mM Tris-HCl pH 7 Aliquots from this solution (0. 1 ml) were counted to determine the incorporation in total protein. In order to determine proline incorporation into collagen 0.2 ml 20 mM Tris-HCI, pH 7.6, containing 50 mM CaCl, and 0 1 ml collagenase (chromatographically purified on a G200 gel filtration column) were added to a 0 5 ml aliquot of the solubilised sample and the mixture was incubated for five hours at 37°C. The digestion was terminated by the addition of trichoroacetic acid and tannic acid up to final concentrations of 0-6 M and 3 mM, respectively. After centrifugation (10 minutes, 14.500 g) a 1.0 ml aliquot of the supernatant was counted in a liquid scintillation analyser. The same procedure was followed without the addition of collagenase. Subtraction Cytokines are potential regulators of protein synthesis. In human colon fibroblasts cultured with serum the absolute collagen synthesis is not affected by interleukin-1 P (Table II) . As the synthesis of non-collagenous protein increases with the higher concentration of interleukin-1I3 used, the relative collagen synthesis is lowered. In the absence of serum, both absolute and relative collagen synthesis are inhibited by 50 U/ ml interleukin-1P. The collagen synthesis in skin fibroblasts appears far more susceptible to the cytokine; the lower concentration suppresses synthesis independent of the presence of serum. The bulk of non-collagenous protein synthesis remains unaffected by the addition of interleukin-1.
Tumour necrosis factor a, at a concentration of 2 ng/ml, does not affect the synthesis of noncollagenous protein in either of the fibroblast strains (Fig 1) . Ifthe skin fibroblasts are cultured without serum, no effect on collagen synthesis is observed. In the presence of serum, the relative collagen synthesis is reduced by 14%. The potentially inhibitory effect oftumour necrosis factor a is more explicit in the human colon fibroblasts under both culture conditions. For instance, the absolute collagen synthesis is reduced by 50% if (Fig 2) . In human skin fibroblasts however the decrease is more apparent in the presence of serum while in human colon fibroblasts significantly reduced collagenase digestible protein and %relative collagen synthesis values are only observed after culture without serum.
The synthetic activity in human colon fibroblasts is hardly affected by the glucocorticoid dexamethasone (Fig 3) : in the presence of serum neither the collagen synthesis nor the synthesis of non-collagenous protein changes after addition of the drug. Both activities appear to be stimulated in serum free cultures, at least at the higher concentrations of dexamethasone. As a result, the relative collagen synthesis remains unaffected. Human skin fibroblasts react differently; in the presence of serum the synthesis of non-collagenous protein is doubled by dexamethasone while the absolute collagen synthesis is not influenced. Thus, the relative collagen synthesis decreases significantly, from concentrations of 10`M dexamethasone upwards.
Another way to regulate collagen synthesis in colon fibroblasts is the addition of the calcium ionophore A23187. While no effects are observed in the presence of serum (results not shown), culturing cells in the presence of 06 6,M A23187 suppresses the collagen synthesis by more than 75% (Fig 4) . Although human skin fibroblasts are also found to be susceptible to the presence of the ionophore the picture seems somewhat different: the significant decrease in the relative collagen synthesis appears more a result from an increase in synthesis of non-collagenous protein than from a lowered absolute collagen synthesis.
Growth factors, and especially transforming growth factor-,, are thought to stimulate fibroblast collagen synthesis. This is indeed the case in human skin fibroblasts, regardless of culture conditions (Fig 5) . anastomoses is a phenomenon that occurs quite frequently20 and insight into regulation of the processes which are essential in the repair sequence could contribute to the development of measures to avoid this complication. The cells most likely to be responsible for collagen synthesis are the fibroblasts which migrate into the wound and display great proliferative activity. Thus, we investigated collagen synthesis in an established line from human colon fibroblasts2à nd compared the results with those obtained with fibroblasts from human skin. In the literature on fibroblast collagen synthesis discrepancies between studies are often explained by supposedly different culture conditions, particularly with respect to the presence of serum. regulatory compounds studied, synthetic activity was measured both in the presence and absence of serum.
It has been shown that addition of serum to fibroblast cultures stimulates collagen synthesis,23 probably at the transcriptional level.24 Although colon fibroblasts behave similarly in this respect they seem to be unique in the sense that the synthesis of non-collagenous protein is stimulated to a greater degree, resulting in a lower relative collagen synthesis under serumsupplemented conditions.
Interleukin-ifi inhibits collagen synthesis in colon fibroblasts cultured in the absence of serum. We found similar results for skin fibroblasts, which observation is in agreement with those reported by others.222" The fact that such inhibition was not seen in the presence of serum confirms a similar observation by Duncan and Berman,26 although our skin fibroblasts are also responsive under these conditions and display a suppressed collagen synthesis.
Tumour necrosis factor ca inhibits the collagen synthesis in colon fibroblasts. A fibroblast activity concomitant with spatial reorganisation of the extracellular matrix. In the absence of serum, absolute collagen synthesis in colon fibroblasts is indeed stimulated by transforming growth factor-B in a concentration of 5 ng/ml. At this concentration, transforming growth factor-B can overcome the inhibition induced by interferon gamma under these conditions, suggesting that both cytokines affect collagen synthesis through the same regulatory pathway. Simultaneous exposure of either skin fibroblasts" or gingival fibroblasts"9 to both interferon gamma and transforming growth factor-B3 did reverse the stimulation in collagen production observed with transforming growth factor-B alone, suggesting the presence of independent mechanisms. Increasing the intracellular calcium concentration by addition of the ionophore A23187 together with extra calcium to the culture medium strongly suppresses collagen synthesis in colon fibroblasts. If the ionophore is added together with transforming growth factor-B, collagen synthesis remains inhibited to the same extent. Thus it seems that the regulatory action of transforming growth factor-B is dependent upon a low intracellular calcium level.
Next to investigating the behaviour of collagen synthesis in colon fibroblasts under addition of various regulatory compounds, the aim of this study was to establish if fibroblasts from colon and skin behave differently in this respect. This indeed appears to be the case. The relative collagen synthesis increases in dermal fibroblasts and decreases in colon fibroblasts upon the addition of serum. In the presence of serum interleukin-13 inhibits collagen synthesis in skin fibroblasts but not in colon fibroblasts. Dexamethasone suppresses the relative collagen synthesis in skin fibroblasts but not in colon fibroblasts. Transforming growth factor-( stimulates the collagen synthesis in dermal fibroblasts cultured in the presence of serum but inhibits the process in colon fibroblasts. 
